Signal transducers and activators of transcription 6 (STAT6) play a crucial role in the transactivation of IL-4 and IL-13, which might be involved in the pathogenesis of atopic dermatitis (AD). We herein reported that the IgE-mediated late-phase reaction significantly decreased in STAT6-deficient (STAT6 À/À ) mice in AD model mice induced by intravenous injection of monoclonal anti-dinitrophenyl (DNP)-IgE antibody and subsequent skin testing with dinitrofluorobenzene. We therefore hypothesized that synthetic double-stranded DNA with a high affinity for STAT6 could be introduced in vivo as decoy cis elements to bind the transcriptional factor and block the gene activation contributing to the onset and progression of AD, thus providing effective therapy for AD. Treatment by the transfection of STAT6 decoy oligodeoxynucleotides (ODNs), but not scramble decoy ODN after sensitization by anti-DNP-IgE antibody, had a significant inhibitory effect on not only STAT6 binding to nuclei but also on the late-phase response. A histological analysis revealed that both edema and the infiltration of neutrophils and eosinophils significantly decreased in STAT6 decoy ODN-transfected mice. To examine the mechanism of the in vivo effect of STAT6 decoy ODN, we employed an in vitro mast cells culture system. After IgE receptor engagement, mast cells transfected by STAT6 decoy ODN exhibited normal histamine release, but their cytokine release (TNF-a, IL-6) markedly decreased. We herein report the first successful in vivo transfer of STAT6 decoy ODN to reduce the late-phase reaction, thereby providing a new therapeutic strategy for AD.
Introduction
In atopic dermatitis (AD), the mechanism underlying skin lesion formation has remained unclear except for the delayed hypersensitivity reaction against environmental substances [1] [2] [3] or the IgE-mediated immediate or late hypersensitivity reaction against environmental substances, food or inhalant allergens. [4] [5] [6] To clarify the pathomechanism underlying the development of eczematous skin lesions in AD, we established the eczematous skin reaction induced in mice by the intravenous injection of monoclonal anti-dinitrophenyl (DNP)-IgE antibody and subsequent skin testing with 2,4-dinitrofluorobenzene (DNFB) and analyzed these skin reactions as AD mouse model. [7] [8] [9] We previously demonstrated that mast cells and inflammatory cells other than T cells are thought to play an important role in these IgE-mediated biophasic reaction; 9 however, it remains unclear as to whether Th2-type cytokines, IL-4, IL-5 or IL-13, play a role in the induction of the IgE-mediated reaction. Recently, STAT6 signaling has been demonstrated to play an essential role in the induction of contact hypersensitivity. 10 We also recently established signal transducers and activators of transcription 6 (STAT6)-deficient (STAT6 À/À ) mice 11 and demonstrated that STAT6 plays a central role in IL-4-and IL-13-mediated biological responses. 11, 12 In an attempt to clarify the role of Th2 cytokines, especially IL-4 and IL-13, in the IgE-mediated biphasic reaction, we examined the IgE-mediated response in the STAT6 À/À mice in which the IL-4 and IL-13 signaling pathways have been completely abolished.
Furthermore, there are currently no effective therapies for severe AD except for the administration of glucocorticoids or immunosuppressants, which have several severe side effects. The transfection of cis-element doublestranded oligodeoxynucleotides (ODNs), referred to as 'decoy', has been reported to be a powerful tool and a new type of antigen treatment strategy for gene therapy and for studying gene transfection. Systemic ODNs act as decoy cis elements to block the binding of nuclear factors to the promoter regions of targeted genes, thus resulting in the inhibition of gene transactivation both in vitro and in vivo. For example, an NF-kB decoy has been shown to reduce both myocardial reperfusion injury by inhibiting protein expression (IL-6, IL-8) and adhesion molecules expressed by aortic À/À mice. Wt or STAT6 À/À mice were immunized by intravenous injection with anti-DNP antibody. At 1 day after immunization, the mice were challenged by applying 0.2% DNFB solution. The histopathological features of 24-h late-phase reaction challenged by DNFB in wt mice (STAT6+/+) or in STAT6 À/À mice (STATÀ/À) stained with Giemsa's solution are shown. An extremely large degree of edema was detected in the DNDB-challenged skin in wt mice (STAT6+/+) but not in STAT6 À/À mice (STAT6À/À). A strong infiltration of mononuclear cells, neutrophils and eosinophils was observed in the dermis of wt mice (STAT6+/+); however, a diminished infiltration of neutrophils and mononuclear cells was observed in the dermis of STAT6 À/À mice (STAT6À/À). (c) Effect of STAT6 deficiency on the cellular distribution of challenged skin. Challenged skin was obtained from wt and STAT6 À/À mice after being challenged with the application of 0.2% DNFB or olive oil (control). The columns represent the number of eosinophils, neutrophils, monocytes/ macrophages and mast cells that infiltrated the skin challenged after 48 h. The results shown are from a single experiment representative of three separate experiments.*P-value o0.01 versus DNFB-challenged wt mice. (d) The cytokine levels in the skin tissue supernatants in olive oil and DNFB-challenged, sensitized STAT6
À/À or wt mice. The data represent the mean7s.d. for groups of four mice and are representative of three independent experiments. The cytokine levels were measured by comparing them with all other groups. *P-value o0.01 compared with DNFB-sensitized wt mice groups. **P-value o0.005 compared with DNFB-sensitized wt mice groups.
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H Yokozeki et al endothelial cells, [13] [14] [15] while also preventing AD 16 and sunburn. 17 Recently, a targeted disruption of the STAT6 DNA-binding activity by a STAT6 decoy has been reported to block IL-4-derived Th2 cell response in vitro. 18 We therefore examine the inhibitory effect of a STAT6 decoy ODN on the induction of the IgEmedicated late-phase reaction in AD mouse model in vivo system.
Results
Diminished biphasic anti-DNP-IgE antibody-induced response to DNFB in STAT6 À/À mice
To evaluate the capacity of STAT6 À/À mice to develop an anti-DNP-IgE antibody-induced biphasic response, we examined the ear swelling response induced by anti-DNP-IgE antibody in STAT6 À/À mice and wild type (wt) (C57BL/6) mice. As shown in Figure 1a , the ear swelling response to DNFB decreased drastically in both the early-phase and late-phase response in STAT6 À/À mice as compared with wt mice (Figure 1a) . The peak response of ear swelling was detected at 9 and 48 h after the challenge in both wt mice and STAT6
À/À mice.
Histopathology of anti-DNP-IgE antibody-induced late-phase response in STAT6 À/À mice
Since the anti-DNP-IgE antibody-induced response to DNFB in STAT6 À/À mice decreased at 48 h after challenge, we performed a histopathological analysis in STAT6 À/À mice and wt mice sensitized by anti-DNP-IgE antibody. As shown in Figure 1b , a histological examination revealed that edema was detected in the challenged skin of the wt mice in the early-phase (data not shown) and late-phase response (Figure 1b ), but not in the STAT6 À/À mice ( Figure 1b ). An inflammatory response with a strong infiltration of eosinophils, neutrophils and mononuclear cells was observed in the wt mice at 48 h after challenge (Figure 1b) . In contrast, only a mild inflammatory response with a diminished infiltration of mononuclear cells and neutrophils was observed in the challenged skin in STAT6 À/À mice ( Figure 1b ). The number of infiltrated mononuclear cells, eosinophils and neutrophils into the skin was calculated in both the STAT6 À/À mice and wt mice. Anti-DNP-IgE antibody-sensitized wt mice challenged after 48 h had a significantly greater number of eosinophils and neutrophils than the DNFB-challenged STAT6 À/À mice (Po0.01) (Figure 1c) . The cytokine levels of IL-4, IL-5, IL-6 and eotaxin from the challenged skin specimens obtained from STAT6 À/À mice were reduced in comparison with those from wt mice (Figure 1d) . IL-13 level was also reduced weakly but not significantly (data not shown).
In vivo transfection of fluorescence isothiocyanate-labeled ODN into skin
In order to evaluate the efficacy and localization of delivered STAT6 decoy ODN or scrambled decoy ODN, we introduced the fluorescence isothiocyanate-labeled decoy ODN against STAT6 or the scrambled decoy ODN into the mouse skin by subcutaneous injection with HVJliposomes. It is noteworthy that the binding affinity of the decoy ODN against STAT6 was markedly detected in the diffuse area of transfected skin and the lower layer of epidermis in comparison to the control skins transfected with FITC-labeled scrambled decoy ODN or the empty liposomes (Figure 2a, b) .
In vivo transfection of STAT6 decoy ODN
To examine whether STAT6 decoy ODN inhibits the binding of STAT6, we conducted the gel shift assay (Figure 2c) . The gel shift analysis documented that the challenge resulted in an increased STAT6 binding activity as compared with negative control mice challenged with olive oil (Figure 2c, lines 1 and 2 ). This increased STAT6 binding was abolished by excess quantities of cold STAT6 double-stranded ODN to determine whether this STAT6 binding band is specific or not (Figure 2c , line 8). Inhibition of the late-phase response but not the early-phase response induced by anti-DNP-IgE antibody
To determine the inhibition of decoy ODN against STAT6 in view of the response induced by anti-DNP-IgE antibody, the ear swelling response challenged by DNFB was examined with or without STAT6 decoy ODN or scrambled decoy ODN. STAT6 decoy ODN weakly inhibited the early-phase response but not significantly, while the late-phase response was inhibited dramatically by STAT6 decoy ODN significantly ( Figure 3a ). Next we compared the effect of STAT6 decoy ODN in between several routes of the injection. Interestingly, both the subcutaneous and intramuscular injection of STAT6 decoy ODN was effective; however, neither the intraperitoneal injection ( Figure 3b ) nor intravenous injection (data not shown) of the same was effective. We examined the optimal dose of STAT6 decoy ODN by subcutaneous injection to inhibit the late-phase response. As shown in Figure 3c 
In the supernatant from skin tissue obtained from DNFBchallenged mice after anti-DNP-IgE antibody sensitization, the levels of both IL-4 and IL-5 were significantly higher than those in the supernatant from olive oilchallenged mice (Figure 4a ). In contrast, these Th2 cytokine levels in the supernatant from DNFB-challenged mice with STAT6 decoy ODN transfection decreased (Figure 4a ). The level of IFN-g in the mice
Gene therapy for atopic dermatitis H Yokozeki et al with STAT6 transfection was comparable to that in the nontransfected or scrambled decoy ODN-transfected mice (data not shown). Furthermore, not only Th2 cytokines but also the IL-6 and eotaxin levels decreased in the supernatant from skin tissue obtained from STAT6 decoy-transfected mice ( Figure 4b and c) ; however, IL-13 level weakly decreased but not significantly (data not shown). 
Discussion
Although considerable progress has been made in elucidating the mechanism of AD, the cellular and molecular mechanisms regulating AD still remain obscure. Recently, IgE-mediated late-phase reaction is thought to be mainly associated with the pathogenesis of AD. [4] [5] [6] We have established the eczematous skin reaction induced by anti-DNP-IgE antibody and DNFB as an AD model mouse. [7] [8] [9] STAT6 is known as a regulator of IL-4-dependent immune responses. We have also established STAT6-deficient mice and concluded that STAT6 plays a crucial role in exerting IL-4-and IL-13-mediated biological responses. 11, 12 Furthermore, STAT6 has been shown to play an essential role in contact hypersensitivity by regulating Th2-type cytokine production of T cells. 10 Therefore, we utilized the STAT6-deficient mouse model to study the role of Th2 cytokine, especially IL-4, IL-5 and IL-13, in antigen-specific, IgE antibody-induced, latephase responses.
In comparison with the wt control mice, the ear swelling response in the STAT6 À/À mice significantly decreased at both early-and late-phase responses. However, the reduction in ear swelling was not significant at 6 h after the challenge in the anti-DNPIgE antibody-induced response. The peak response of ear swelling was observed at 9 and 48 h after challenge in both STAT6
À/À and wt mice sensitized with anti-DNPIgE antibody. These data may be consistent with the recent finding that STAT6 plays a major role in the latephase response induced by antigen-specific IgE antibody. 19 However, our results do not correlate with that report since IgE/Ag-challenged STAT6 À/À mice showed normal early-phase response. 19 This discrepancy may be explained by the differences in the assay times after challenge, since they did not measure ear swelling at 9 and 12 h after challenge.
Recently, Yagi et al 20 demonstrated that the development of AD-like skin lesion in STAT6-deficient NC/Nga mice and Th2-mediated immune response is not necessary for the development of AD-like skin disease.
Their report is not consistent with our results; however, there are several mechanisms except for latephase reaction in the pathogenesis of AD. A histological analysis revealed a tremendous reduction in the infiltration of both eosinophils and neutrophils in DNFBchallenged skin of STAT6 À/À mice. In addition, the antigen-induced edematous changes in the dermis were also completely dependent on STAT6 signaling. So far, the exact roles of these polymorphonuclear cells in the late-phase response are still unclear; however, our data indicate that polymorphonuclear cells, including eosinophils and neutrophils dependent on STAT6 signaling, may play a major role in the induction of the late-phase response induced by anti-DNP-IgE antibody. STAT6 signaling is essential for hapten-induced late-phase reaction in Th2 cytokines production in vivo. The hapten-challenged wt mice demonstrated significant elevations in the Th2 cytokines (ie IL-4 and IL-5). In marked contrast, STAT6
À/À mice were unable to produce IL-4 or IL-5 in response to the skin challenge (Figure 1d ). Consistent with a recent report, 19 no detectable TNF-a or eotaxin in the supernatants of mast cells upon the crosslinking of their IgE receptor/FceRI on their surface in a hapten-specific manner was observed in STAT6 À/À mice (data not shown). These data indicated that STAT6 signal is essential for the production of Th2 cytokine, chemokine of neutrophils and eosinophils by mast cells.
The results of the response induced by anti-DNP-IgE antibody and antigen in STAT6 À/À mice suggested that blocking of STAT6 signaling can be a therapeutic approach for AD. Next, we examined whether in vivo treatment by transfection of STAT6 decoy ODNs with HVJ-liposomes after the injection of anti-DNP-IgE antibody can effectively inhibit STAT6 binding to nuclei or the late-phase response induced by anti-DNP-IgE antibody. Subcutaneous and intramuscular but not intraperitoneal injection of STAT6 decoy ODN with liposomes after sensitization with anti-DNP-IgE antibody has also shown significant inhibitory effect on both STAT6 binding to nuclei and the late-phase response in line with Kaneda et al's 21 report. A histological analysis revealed a tremendous reduction in the infiltration of both eosinophils and neutrophils in DNFB-challenged skin of STAT6 decoy ODN-transfected mice. STAT6 signaling is essential for hapten-induced increase in Th2 cytokines production in vivo. The ELISA technique revealed that expression of protein of the Th2 cytokines (ie IL-4 and IL-5 but not IL-13), IL-6 and eotaxin decreased in STAT6 decoy ODN-transfected mice but not scrambled decoy ODN-transfected mice in line with in vitro data. 18 Recently, eotaxin has been reported to be induced by fibroblasts stimulated with IL-4 through the STAT6 pathway. 22, 23 To examine the mechanism of the in vivo effect of STAT6 decoy ODN, we employed an in vitro mast cell culture system. Immunofluorescence staining and electrophoretic mobility shift assays (EMSA) techniques revealed that transfected STAT6 decoy ODN inhibited STAT6 binding on the nuclei of IgE/hapten-stimulated mast cells. In line with a recent report, 19 no detectable IL-6 and a small amount of TNF-a in the supernatants of mast cells upon crosslinking of their IgE receptor/FceRI on their surface in a haptenspecific manner was observed in STAT6 decoy ODNtransfected mast cells. These data supported the hypothesis that mast cell-derived TNF-a plays a critical role in the late-phase reaction of hypersensitivity, 24 although a recent paper demonstrated the involvement of Akt in FceRI-induced production of TNF-a through NF-kB activation. 25 One possible mechanism of these results should be a crosstalk response between NF-kB and STAT6 in the production of TNF-a in mast cells. These data indicated that STAT6 decoy ODN inhibited IgEinduced late-phase response by inhibiting the release of IL-6 and TNF-a from mast cells, which induced mainly the late-phase response. However, since STAT6 also affects the cytokine response of other inflammatory cells, such as macrophages, T cells or fibroblasts, there was a significant contribution of cells other than mast cells in Gene therapy for atopic dermatitis H Yokozeki et al the late-phase allergic response inhibited by STAT6 decoy ODN. These data demonstrated that the STAT6 signal is essential for the production of Th2 cytokine, chemokine for neutrophils and eosinophils and the activation of mast cells.
To summarize, (1) STAT6 plays an essential role in the induction of the biphasic response induced by antigenspecific IgE. (2) STAT6 mediates the biphasic response induced by IgE via its pivotal role in Th2 differentiation resulting in the subsequent stimulation of IgE synthesis and eosinophil or neutrophil infiltration in the skin. (3) In vitro experiments have documented that STAT6 decoy ODN selectively inhibited the expression of targeted cytokine genes (IL-4, IL-5, IL-6, eotaxin) . (4) The administration of STAT6 decoy ODN markedly inhibited the antigen-specific, IgE-mediated, late-phase reaction. (5) The inhibition of late-phase reaction by STAT6 decoy ODN, delivered by subcutaneous administration either before or after sensitization, was confirmed. (6) The decrease in the number of eosinophils, neutrophils and mononuclear cells was associated with the decreased amount of IL-4, IL-5, IL-6 and TNF-a. Additionally, this study demonstrated that the transcriptional factor STAT6 is one of the key regulators promoting IgE-induced latephase reaction. Although a number of important issues, such as the safety and side effects, have not yet been addressed in this study, the decoy strategy against STAT6 may provide a new therapeutic modality as gene therapy against AD. Since STAT6 has been postulated to play an important role in the pathogenesis of numerous diseases, for example, contact dermatitis, atopic asthma and allergic rhinitis, the development of STAT6 decoy strategy may also provide a useful therapeutic tool for treating these diseases.
Materials and methods

Animals
C57/BL6 mice with a targeted disruption of the gene encoding STAT6 (STAT6 À/À ) were generated in the Department of Host Defense, Research Institute for Microbial Disease, Osaka University (Osaka, Japan), as previously reported 11 and age-and sex-matched wt littermate controls (C57BL/6 mice) and C3H/He and BALB/c mice were purchased from the Sankyo Co., Tokyo, Japan. All animals were housed under specific pathogen-free conditions, and had free access to a commercial diet and water. They were used at 8-15 weeks of age. Each experimental group consisted of at least five mice.
Reagents
The following reagents were obtained from commercial sources: DNFB from the Sigma Chemical Co. 18 Synthetic ODNs were dissolved in sterile TE buffer (10 mmol/l Tris, 1 mmol/EDTAm pH 8.0), purified by high-performance liquid chromatography and quantitated by spectrophotometry. Each pair of single-stranded ODN was annealed for 3 h, during which time the temperature decreased from 90 to 251C.
Preparation of HVJ-liposome complex
Phosphatidylcholine, dioleoyophosphatidylethanolamine, sphingomyelin, phosphatidylserine and cholesterol were mixed in a molar ratio of 13.3:13.3:13. ) just before use. The liposome suspension (2 ml, containing 9.75 mg lipid) was incubated with HVJ (15 000 hemagglutinating units) for 10 min on ice and then for 1 h at 371C with gentle shaking. Free HVJ was removed from the HVJ-liposomes by sucrose density gradient centrifugation. HVJ-liposome was collected from the top of a 30% sucrose layer, filled up to 1 ml by BSS and then stored at 41C. 26 Electrophoretic mobility shift assays Nuclear extracts were prepared from the skin as described previously. 13 In brief, mouse skin were homogenized in 4 volumes of ice-cold homogenization buffer containing 10 mM HEPES, pH 7.5, 500 mM sucrose, 0.5 mM spermidine, 0.15 mM spermine, 5 mM EDTA, 0.25 mM EGTA, 7 mM b-mercaptoethanol and 1 mM PMSF and were centrifuged at 2000 g for 30 min at 41C. After centrifugation, each pellet was lysed in 1 volume of ice-cold homogenizing buffer containing 0.1% NP-40 by homogenized in a Dounce homogenizer. The samples were then centrifuged at 12 000 g for 30 min at 41C, and the pellet nucleus was washed twice with ice-cold buffer containing 0.35 M sucrose. After washing, the nuclei were extracted with 1 volume of ice-cold homogenizing buffer containing 0.005 M NaCl and 10% glycerol for 15 min at 41C. The nuclei were then extracted with the homogenization buffer containing 0.3 M NaCl and 10% glycerol for 1 h at 41C, and the concentration of DNA was adjusted to 1 mg/ml. After pelleting the extracted 27 After preincubation with 2 mg poly(dIdC) as nonspecific competitor DNA, 15 mg of the crude nuclear extract was incubated in a binding buffer containing 10 mM Tris-HCl, pH 7.9, 0.1 mM EDTA, 2 mM DTT, 1 mM PMSF, 5% glycerol and 100 mM KCl with approximately 10 000 cpm of annealed 32 P-labeled probe for 30 min at room temperature. The sequences of single-stranded oligonucleotides for STAT6 were 5 0 -AGT CAA GAC CTT TTC CCA AGA AAT CTA TC-3 0 (Santa Cruz Biotechnology Inc.). The binding reaction mixtures were separated from free oligonucleotide probes by electrophoresis on a native 5% (w/v) polyacrylamide gel as described. 28 For supershift assay, 4 mg of anti-STAT6 antibody or nonimmune rabbit serum was added to the reaction mixture simultaneously with the nuclear extract. The reaction mixture was subjected to electrophoresis as previously described and thereafter the gels were dried and autoradiographed.
Induction of skin reaction and in vivo and in vitro transfer of ODN
The mice (5 mice/group) were given an intravenous application of anti-DNP-IgE antibody 1 day before a skin test with 0.2% DNFB in 4:1 acetone olive oil applied to both sides of the right pinna. The left pinna was treated as a control. Skin specimens were obtained from skintested sites at various times after the skin test for the histopathological analysis. A 1-20 mM portion of STAT6 decoy ODN or scrambled decoy ODN with HVJliposomes was administered subcutaneously, intravenously or intraperitoneally, 6 h after the anti-DNP-IgE antibody injection and 1 day before the challenge. FITCliposome complex was also given subcutaneously, intravenously, intramuscularly or intraperitoneally 1 day before the challenge. For in vitro transfection of decoy OND, mast cells were cultured with 1, 5, 10 or 20 mM of STAT6 decoy ODN or scrambled decoy ODN at 371C for 6 h. Quantitative measurement of fluorescence was also performed to compare the efficiency of FITClabeled ODN delivery by HVJ-liposome method and empty HVJ-liposomes without ODN. To measure fluorescence, the skin specimen was homogenized in 1 ml PBS buffer, centrifuged, and then 400 ml of the supernatant was used for measurement using a fluorescence method (Model 2550 spectrofluorophotometer, Bio-Rad, USA).
Quantification of cytokine levels in skin tissue extracts
Samples of ear tissue extracts for ELISA were prepared as described by Ferguson et al. 29 Briefly, at 24 h after the application of DNFB, the ears were excised and immediately homogenized with 10-fold volume of 0.1% Tween-20 in PBS. The samples were quickly frozen in liquid nitrogen, thawed in a 371C water bath, sonicated for 15 s, and centrifuged for 5 min at 13 000 g, and the supernatants were used for ELISA. The supernatants were stored at À801C. The ELISA for IL-2, IL-4, IL-5, IL-13, IL-6 and IFN-g were conducted by using ELISA kits (Endogen Inc., MA, USA) according to the manufacturer's instructions.
Histopathological examination
The ear skin specimens were excised and fixed in 10% formalin. Thereafter, they were processed and stained with hematoxylin and eosin (HE), May-GrunwaldGiemsa or toluidine blue. The number of mononuclear cells, mast cells and granulocytes, such as neutrophils and eosinophils, infiltrating into the dermis was evaluated by staining the tissue specimens with Giemsa solution. The section was examined at a magnification of Â 400. At least 10 fields were examined for each lobe. The number of cells was counted and expressed as the number of cells per mm 2 .
Mast cell cultures and stimulation of mast cells
Mast cells were cultured from the bone marrow specimens of STAT6
À/À , wt control mice or BALB/c mice in a medium with 10 U/ml r-IL-3 for 3 weeks as previously described. 30 The cell density was adjusted to 2 Â 10 5 cells/ml on a weekly basis. After 3 weeks, the mast cells were characterized by staining with toluidine blue and Alcian blue.
Bone marrow mast cells (BMMCs) cultured from the bone marrow cells of STAT6 À/À , wt mice and BALB/c mice were sensitized with monoclonal anti-DNP IgE antibody for 1 h at 371C. Unbound IgE was removed by washing the cells with PBS. After washing, the BMMCs were resuspended in RPMI-HEPES buffer at a cell density of 1 Â 10 6 cells/ml. The cells were challenged with 20 ng/ml DNP-BSA at 371C.
Chemical mediator and cytokine release assays
Histamine or cytokine content in cell-free supernatants and in the solubilized cell pellets was established using a commercially available enzyme immunoassay. LTC4 levels were estimated in cell-free supernatants by immunoassay. 31 
IgE binding assay
BMMCs were incubated with 0.24 mg/ml monoclonal anti-DNP IgE antibodies for 1 h at 371C. The cells were washed thoroughly three times with saline containing 1% BSA and labeled with 10 mg/ml anti-IgE-FITC (BD PharMingen) for 30 min at 41C. After washing, the cells were analyzed by flow cytometry for FceRI receptor expression.
Statistical analysis
The experimental data are expressed as the mean7s.d. (standard deviation). The statistical analysis was performed using Student's t-test.
